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      Abstract

      


      There is a growing concern about the biodiversity crisis the planet is suffering due to increasingly widespread human activity. A key question is whether only the species with threatened status should be managed by policy makers or whether also common species deserve consideration. This study is devoted for common birds, because for the threatened species the decline factors are much better known. As a result of a thorough search, a comparison at the continental scale focusing on European common birds and analysing their main threats and trends depending on their habitats and movements (migratory or sedentary character) has been done. This is therefore a theoretical study that tries to investigate the relationships between these four variables that condition in an important way the state of their populations. The different categorical variables (habitats, movements, threats and trends) were checked together in order to find some relationships between them, using log-linear analysis or contingency tables depending on the number of variables considered. We can conclude that "Threats" are different between both "Habitats" and "Movements" of common birds, which also interact between them. The trends in European common birds are slightly influenced by the habitat they occupy which is at the same time associated with their movements. Studies with this approach in different areas could be valuable to analyse common patterns that could guide conservation efforts and action plans in specific directions and increase their efficiency with less expenditure of resources.
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      Introduction

      


      There is a unanimous scientific opinion that nature is currently undergoing a general biodiversity crisis [1-3]. Widespread human activity results in the decline of many species and the increase in a few that thrive in disturbed environments [4,5]. Moreover, the few species which succeed and increase their numbers in the changing areas do not necessarily mean a biodiversity gain: For example, the increase in freshwater birds due to water eutrophication, when nutrient enrichment in some dunes and marshes facilitate the spread of shrubs, with a consequent enrichment of bird species [4].


      In the face of the global biodiversity crisis, the European Union has adopted the target of halting the loss of biodiversity by 2010. The sustainable use of resources is a central pillar of the Convention on Biological Diversity (CBD) [5].


      Usually, efforts have been focused on most endangered species and for this reason, the different drivers, pressures and threats for a small number of rare or threatened species, with unfavourable population situations and extremely declining trends, are generally well known [6]. Conservation plans developed for individual species can serve to protect others as an "umbrella", but this is not always the case and usually less attention has been paid to the problem of depletion of more common and widespread breeding birds [7,8], although most of the global decline may be attributed to these species, with greater importance in terms of ecosystem structure, function and services provided [8-10]. In some cases, the measures that could help endangered and common species are identical, but that is not always the case, so investigations to determine the intrinsic or extrinsic traits most strongly associated with significant declines of common species are urgently needed [8].


      Species trend indicators are considered a sensitive measure of biodiversity change [4]. Such indicators can provide information for decision makers and improve the management of natural resources [6]. For this reason, the results of projects monitoring common species should be made available to policy-makers, their advisors and the general public [7].


      Birds are often regarded as good and useful indicators of biodiversity for other elements of biodiversity due to the fact that they are well known and studied and are very sensitive to anthropogenic changes [5,9]. Trends in bird populations correlate in some situations with those of other taxa, making them a valuable biodiversity indicators; however, it is necessary to take into account that birds are usually very mobile and integrate environmental changes over huge areas, so further analysis should be done to explore the temporal and spatial correlations across taxa trends in different areas [3,5,6].


      Wild bird indicators have been adopted by the European Union as indicators of biodiversity and sustainable development. These bird indicators are studied within a consortium of organisations from many countries through the European Bird Census Council (EBCC) to measure breeding population changes [5]. The specific aim of these indicators was approaching to assess the mean change in breeding bird populations of European farmland and woodland (including woods, parks and gardens), because these habitats represent the predominant land use types in Europe [4-6].


      European populations of several birds, especially farmland birds, are declining alarmingly, mainly due to agricultural modernisation and intensification [5,6,8-11]. Birds living in forests have declined on average by 14%, while common birds living in farmland have fallen steeply, by 43% in 25 years [6]. Studies in Europe have shown that many vertebrate, insect and plant species of farmland have declined in parallel, driven by agricultural intensification and specialisation [4,5]. In fact, farmland species have experienced much greater population declines in three decades in the 15 member countries of the EU than in the 10 recently acceded countries (May 2004) or in the remaining 18 European countries that do not belong to the European Union [4].


      The aim of this work was to analyse and compare the main threats and population trends for common birds in Europe given their habitats and movements (migratory or sedentary character), to study the existence of possible relationships between the different variables. This is therefore a theoretical study that creates a database that gathers this information in order to investigate the specific factors associated with the threats and population trends of common birds, and in general the relationships between these four variables that condition in an important way the state of their populations, and can be of help for the adoption of specific conservation measures for common species in decline.


      Material and Methods

      


      The List of 167 European common bird species that were included in the analysis was extracted from "All common bird indicators in Europe": http://www.ebcc.info/. European species selection/classification have been based on expert judgment. Regional coordinators were responsible for the production of regional species lists in cooperation with all relevant experts within their regions https://pecbms.info/methods/pecbms-methods/3-multispecies-indicators/species-selection-and-classification/


      Habitats


      For each common species, information on their habitat was extracted from Nicolai, et al. [12]. For common species who live in several different types of habitats, the one that was considered most significant and frequent for each species was chosen. According to their habitat, the birds were classified into six categories; Farmland (including Open countryside, Meadows and Orchards), Forest (Including Schrubs), Wetlands (including Rivers), Mountains (Including Cliffs), Urban (Including Gardens and Parkland) and Coastal fields (Table 1a, Table 1b and Table 1c).


      Movements


      The common birds were classified into three categories following Peterson, et al. [13]: Sedentary, Partial migration and Aestival. Although in many cases mixed situations within the same species are found among these three types of movement patterns, the most common or dominant character for each species in Europe was chosen (Table 1a, Table 1b and Table 1c), following these criteria:


      a) Aestival: Migrant species with trans-Saharan wintering areas.


      b) Sedentary: The majority of the population remains in the breeding area during the winter.


      c) Partial migration: Includes species with winter movements of a part or the majority of the European population but staying in southern Europe or North Africa (without crossing the Sahara desert: Pre-Saharan).


      Threats


      The threats for each common species were obtained from the Atlas of European Breeding birds [14] and the IUCN website: http://www.iucnredlist.org/


      Each species may have several threats that can affect its populations to different degrees, some severely, others slightly, and harmfulness can differ depending on location. Thus, for statistical analysis the threat considered most harmful for each species was chosen. The most harmful threat for each species, was determined considering the most important in its entire range, being generally the one mentioned first in the Atlas of European Breeding birds and the IUCN. Initially, the different threats were classified into 20 categories but finally, in order to simplify the statistical analysis, the threats were grouped in six categories as follows: Climatic factors and Contamination, Competition (including Predation and Lack of food), Human disturbance (including Fishing, Lead poisoning, Poisoning, Power lines, Run over, Spoliation of nests, Trapping and hunting, Wind farms accident), Habitat loss (including Forest fires), Diseases (including Genetic problems), Invasive species and "Without any known threat" (the last not considered in the statistical analysis) (Table 1a, Table 1b and Table 1c). The criteria for inclusion in each threat category are presented in Annex 1.


      Species trends


      The information on the trends was extracted from "All common bird indicators in Europe": http://www.ebcc.info/ The trends of the 167 European common birds were classified into six categories: Steep increasing, moderate increasing, stable, moderate declining, steep declining and uncertain (Table 1a, Table 1b and Table 1c). But in order to simplify the statistical analysis, they were reduced to three categories (increase, decline and stable) as follows: "Uncertain" was not considered; steep increasing and moderate increasing both were considered as "increase", moderate and steep decline both were considered as "decline" and stable species remain as "stable". For 104 birds, information about species trends has been available since 1980. For 27 species, since the 1980s, for 31 species since the 1990s and for five species since 2000 (Table 1a, Table 1b and Table 1c).


      Database and statistics


      All websites were consulted in January 2016. A database with all trends, threats, habitats and movements for the 167 common bird species considered in this study was prepared in Access 2013. The organization of information for statistical analysis is shown in Figure 1, although all the possible interactions between variables were checked as in log-linear and contingency tables analysis there is no need to specify which are the predictors. In a first attempt to perform statistical analysis, the four categorical variables (habitats, movements, threats and trends) were checked together in order to find associations or some relationships between them, using a log-linear analysis with the GLM function in R. Afterward, groups of three variables were checked for independence following the procedure described above. Finally, contingency tables considering two categorical variables in each case were performed. In these two-way analysis the Fisher test, which is recommended for datasets with small expected numbers for each combination cell, was used. All statistical analyses were performed using R program [15].


      Results

      


      The list of 167 common species considered in this work and their habitats, movements, threats, trends and base year for trends are presented in Table 1a, Table 1b and Table 1c.


      The summary of their habitat is: Farmland (n = 44) Forest (n = 73), Wetlands (n = 31), Mountains (n = 4), Urban (n = 9) and Coastal fields (n = 6).


      The summary of movements is Partial migration (n = 75), Aestival (n = 52) and Sedentary (n = 40).


      Regarding the threats, we had information for 139 species and no such information for 28 species (not included in the statistical analyses). The most frequent threat was "Habitat loss", (n = 73), followed by "Climatic factors and contamination" (n = 44), "Competition" (n = 14) "Human disturbance" (n = 7) and "Diseases" (n = 1). Invasive species, although is a serious threat to the whole biodiversity, but it was not the most important threat to any particular species.


      The summary of trends is as follow: 51 species with "increase" trend (27 Forest, 9 Farmland, 1 Mountains, 2 Urban, 12 Wetlands); 44 species with "stable" trend (15 Forest, 9 Farmland, 2 Coastal fields, 2 Mountains, 5 Urban and 11 Wetlands); 65 species with "decline" trend (29 Forest, 22 Farmland, 4 Coastal fields, 2 Urban and 8 Wetlands). Finally, seven species with "uncertain" trend (2 Forest, 4 Farmland, 1 Mountains) but not considered in the analysis.


      Log linear four-dimension analysis


      In the performed analysis including the four variables there was not found any statistically significant results.


      Log linear three-dimension analysis


      Taking the variables studied by groups of three, the combination: "Habitats × Movements × Threats" has its residual deviance with a marginal statistical significance (p = 0.07; Table 2). We can observe that expected values for the model assuming independency of variables do not fit with observed ones, especially in the cases of "Forest - Aestival - Climatic factors and Contamination" 5.6 and 12 respectively and "Farmland - Sedentary - Habitat loss" 4.5 and 9 respectively which are underestimated by the model and "Forest - Partial migration - Habitat loss" 13.8 and 6 respectively, which is overestimated by the model (highlighted in Table 2). This indicates that Forest - Aestival species and Farmland- Sedentary ones are affected by Climatic factors and contamination and Habitat loss respectively more than expected, whereas Forest species with Partial migration are less affected by Habitat loss than should be.


      The combination "Habitats × Movements × Trends" have a high statistical significance (p = 0.009; Table 3) which indicates a poor fit of the model assuming that the three variables are independent between them. This provokes again that our expected value with the model does not fit with the observed data, especially in cases of "Forest - Aestival - Decline " 8.5 and 13 respectively and "Wetlands - Partial migration - Increase" 4.6 and 9 respectively which are underestimated by the model and "Forest - Partial migration - Decline" 13.3 and 9 respectively which is overestimated (highlighted in the Table 3). This indicates that Forest - Aestival species are declining more than expected, that Wetland - Partial migration ones are increasing more than expected, and that Forest - Partial migration species are declining less than predicted by the random model.


      In the rest of the possible three-dimension combinations between variables we did not found any significance.


      Contingency tables have been also developed to confirm that we have at least a two-way interaction between these groups of variables and obtain a deeper view of the interaction between variables.


      Contingency table two-dimension analysis


      Habitats X movements: The "Habitats - Movements" statistical analysis showed a high statistical significance (p = 0.0004). In a random distribution of data, the percentage of different species movements should be similar in each habitat. The number of species for each habitat and movements, were graphically compared (Figure 2). Sedentary species are proportionally the most abundant in Farmland and Forest habitats, although forests harbour the majority of all species movements. For the Wetland, Mountain and Coastal field birds, the species with Partial migration are more frequent. The Urban birds have a greater number of Aestival species (Figure 2).


      Habitats X threats: The "Habitats - Threats" statistical analysis showed significance (p = 0.03). The number of species affected by each threat according to their habitat, were graphically compared (Figure 3). In a random distribution of data, the similar percentage of species from different habitats should be affected by each sort of threat. Farmland, Wetland, Coastal field and Urban birds are mainly affected by "Habitat loss". "Climatic factors and Contamination" are more harmful for the Forest birds (Figure 3). Mountain birds are mostly affected by both threats. The other threats weakly affect the different species of each habitat.


      Habitats X trend: The "Habitat - Trends" statistical analysis showed a marginal significance (p = 0.07). The trends for each group of birds, depending on their habitat, were graphically compared (Figure 4). The Wetland birds have a higher number of species for the "Increase" categories. The Forest birds are polarized between species within Decline and Increase with a few Stable species. The Farmland and Coastal field birds had more species in decline. The Urban and Mountain birds have a higher number of species for the "Stable" category (Figure 4).


      Movements X threats: The "Movements - Threats" statistical analysis showed significance (p = 0.02). The number of species for each threat and movements, were graphically compared (Figure 5). In a random distribution of data, the similar percentage of different species movements should be affected by each sort of threat. The threat "Habitat loss" is affecting severely species with the different type of Movements. The threat "Climatic factors and Contamination" affects in a lesser grade species with the different type of Movements. The rest of the threats weakly affects species with different type of Movements (Figure 5).


      In the rest of the possible two-dimension combination between variables we did not found any significance.


      Discussion

      


      An analysis of the relationship between Habitats, Movements, Threats and Trends for the common European bird species is presented in this work. This study is devoted for common birds, because for the threatened species these factors are much better known. It is a theoretical study that tries to investigate the relationships between the four main variables that condition the state of the populations.


      Log linear analyses (of 3 variables) have shown that there is interaction between variables in two different groups of factors. The first one, which involves the variables "Habitats", "Movements" and "Threats", has only marginal significance, but it is showing, looking also the contingency tables analyses with just two variables, that we might be having an homogeneous association, with all the variables being dependent from the rest. We can then conclude that "Threats" depends on both "Habitats" and "Movements" of common birds, which also interact between them as it is observed in the contingency table analyses.


      On the other hand, the combination of variables "Habitats", "Movements" and "Trends", could have a conditional independence between "Movements" and "Trends" that are not dependent between them. In this second case, we can observe in the contingency tables analyses that "Movements" and "Trends" do not have significance between them, contrary to the relation found between "Habitats" and "Movements" (high) and "Habitats" and "Trends" (marginal). These results let us to hypothesize that trends in European common birds seems not affected by the type of movement they perform but these trends are slightly influenced by the habitat they occupy which is at the same time associated with their movements.


      The most important threat for common species in Europe is "habitat loss" (Figure 3 and Figure 5), which is also the most significant factor threatening bird species worldwide [16] followed by "Climatic factors and contamination" which especially affects forest birds (Figure 3). As threats are dependent on both habitats and movements, we can extract that Habitat loss will affect severely Farmland Sedentary birds (Figure 3 and Figure 5). In addition, Sedentary birds are the most numerous in Farmland habitat (Figure 2). On the other hand, Climatic factors and Contamination are more harmful Forest Aestival birds (Figure 3 and Figure 5) being the Forest habitat the one that harbors more percentage of species and for all movements (Figure 2).


      In the global analysis of this work, the threats for Farmland birds already mentioned in previous works stand out [8-11]. Common Farmland birds have declined sharply, especially in the 1980s, a pattern that could be evidenced by statistical analysis from this work (Figure 4). This decline is associated with increased agricultural practices across Europe (intensification), affecting nesting and foraging opportunities [6,7,10,17]. Lowland farmland provides habitat for nearly 120 bird species of European Conservation Concern (SPECs) across Europe, the largest number of species with this concern supported by any habitat [17]. Agricultural intensification has had deleterious effects on bird populations at a pan-European scale and should be regarded as a major anthropogenic threat to biodiversity, comparable to global climate change and environmental pollution [8,11,17]. The most important changes affecting common farmland birds are hedgerow loss, land drainage, increased mechanisation, increased fertiliser and pesticide use, reduction of spring cultivation, simplification of crop rotations, changes in crop use and loss of farm diversity [5].


      Many of these changes were influenced by European Union (EU) policies, such as the Common Agricultural Policy [4,7]. There is a related debate on how the Common Agriculture Policy might be modified [6,7,9,17], because the costs of the environmental problems caused by intensive agriculture are as high as the costs of agricultural support [17]. Conservation efforts need to be directed toward financial support for those farming systems compatible with biodiversity conservation, rewarding farmers making environmental improvements to their lands [17].


      Populations of common Forest birds in Europe have remained relatively stable over the last decades. The results of this work indicate that the species are distributed between the extremes with species that are increasing (probably the more generalist birds) and others that are in decline (probably more specialists) while very few species maintain a stable trend (Figure 4). In addition, we have noticed that Forest Aestival species are declining more than expected whereas Partial migration ones are declining less than expected (Table 3). Biodiversity in western of Europe is under the double negative influence of climate and land use change [18]; generalist birds have tended to prosper, while the specialists have declined, resulting in a more homogeneous environment with lower biodiversity at regional and global scales [9]. Specialised species of both forest and open farmland are declining at a much higher rate than generalists, which are more tolerant to environmental conditions, hence specialisation itself, rather than living in a particular habitat, could be also a good predictor of a species’ recent trend [18].


      This work has attempted to reduce the lack of basic information on the nature of threats faced by common species, since this gap can reduce the success of conservation efforts [19]. However, not all threats have the same importance and seriousness for the conservation of species in different areas, which can result in having different threats for the same bird species, depending on the location of each population and the specific problems of each place, neither for different species living in the same habitat, as their type of migration could be playing an important role as noted in this work.


      The conventional dominant model of conservation tends to work with individual species which are scarce or threatened [16]. Recovery and conservation plans dedicated particularly to a threatened species that is usually emblematic and well known by the population can serve as an "umbrella" for other species. But in this current model of recovery and conservation plans, efforts are not adequately addressed to the threats that affect a large number of species, such as habitat loss [20]. Besides, emblematic species monopolise a large portion of conservation funds, acting as flags at the political level and even influence public opinion, while others, less known, but with similar or greater conservation problems, are relegated to oblivion. In addition, there is a tendency for these emblematic species to become "conservation-dependent", requiring specific management indefinitely over time, correspondingly with unlimited resource consumption [21].


      The common species do not have any legal status requiring a "management plan" (recovery or conservation plan); it would be therefore appropriate to work on their conservation through the transversal action plans [22]. It may be important to implement a management model to address the problems that are common for many species, with a particular focus on reducing their non-natural mortality. These "action plans" are transversal and can improve the population status of a wide range of common species that share the same threats and conservation problems, achieving a general improvement of biodiversity.


      Plans focused on several species may be more effective than single-species plans because they can take broader viewpoints of threats and be more comprehensive [23], so that the same protection measure can meet the needs of several species, increasing their profitability. In fact, in the United States, there is a tendency to prepare such plans [24], but they should take into account that jointly selected species must share similar threats improving biodiversity protection and the allocation of resources [25]. We know now, thanks to the analysis performed in this study that these threats are dependent on movements and habitats they occupy.


      In this work with European common birds, we can extract the information that 12 Aestival Forest species are affected by Climatic factors and Contamination or that 9 Sedentary Farmland species are affected by Habitat loss (Table 2) which could guide conservation efforts and provide information about which species could be benefiting from specific measures eradicating certain kind of threats. Threats have been merged in groups in order to make the analyses viable but this could hinder the interpretation of results, so further studies in different places and specific areas are needed to complement the patterns observed.


      The action plans dedicated to the prevention of non-natural mortality have the advantage of improving the conservation status of many common species (with few plans, many species sharing the same problems can be helped) whose populations are precisely the ones that are descending to a greater extent [10]. In addition, the number of transversal action plans that would need to be implemented to manage the conservation of these common species is lower than that the conventional system of recovery and conservation plans dedicated to a single species and could increase the efficiency for the solution of a great number of conservation problems, with less expenditure of time and resources.
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        Figure 1: Structure of variables for the statistical analysis used in this work. View Figure 1

      


      
        Figure 2: Number of species for each habitat and movement type. Note that the percentages refer to the variable in the legend, not the variable displayed on the Y-axis. View Figure 2

      


      
        Figure 3: Number of species for each habitat and threat type (the percentages presented include the category "without any known threat"). Note that the percentages refer to the variable in the legend, not the variable displayed on the Y-axis. View Figure 3

      


      
        Figure 4: Number of species for each habitat and trend type. View Figure 4

      


      
        Figure 5: Number of species for each movement and threat type (the percentages presented include the category "without any known threat"). Note that the percentages refer to the variable in the legend, not the variable displayed on the Y-axis. View Figure 5

      


      
        Table 1a: Habitats, movements, threats, trends and base year trends for the 167 European common birds considered in this work. View Table 1a

      


      
        Table 1b: Habitats, movements, threats, trends and base year trends for the 167 European common birds considered in this work. View Table 1b

      


      
        Table 1c: Habitats, movements, threats, trends and base year trends for the 167 European common birds considered in this work. View Table 1c

      


      
        Table 2: Log linear analyses of habitats, movements and threats showing observed (Freq) and expected (Fitted) values obtained with the model assuming the three variables are independent of each other (p = 0.07). Note that highest differences between observed and expected values are in bold. View Table 2

      


      
        Table 3: Log linear analyses of habitats, movements and trends showing observed (Freq) and expected (Fitted) values obtained with the model assuming the three variables are independent of each other (p = 0.009). Note that highest differences between observed and expected values are in bold. View Table 3
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